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Introduction

During the past six years this laboratory has
accumilated many months of radiation cbservations with earth
satellites and with the interplanetary space probe Mariner II
using detectors whose sensitive valumes were exposed directly
to ocuter space through thin films of metal or mica., HNo ome of
these detectars has suffered a failure, such as would result
fram puncture of the film. It is thought that a summary of the
pertinent date may have same direct practicel interest to other
experimentalists and also may provide a small contribution to
knowledge of the flux of micrametecroids in space. /[See the
excellent review by Alexander, McCracken, Secretan, and Berg,
1963/

Exposures with Earth Setellites

Pertinent data come from:
(=) The GsI scintillater in Explorer 1V, 26 July 1958 to
21 September 1958 (57 days) [Van Allen, McIlwain, end Ludwig,
1959/. Approximate orbital parameters: Altitude of perigee
257 km by eltitude of spogee 2140 km by inclination 51°. A
hole in the protective foil of dismeter of the order of the



foll thickness would have resulted in strong optical respaonse

to sunlight; such e response was not cbserved.

(b)  One thin-windowed Geiger tube in Injun I, 29 June 1961

to 28 August 1962 (k25 days) [Frank and Ven Allen, 1963/,

8801mby1000kmby67°. A puncture of this window would have

released the f£il11 gas, thus causing en immediate, catastrophic

fajlure; no such failure was observed during the operating

lifetime of the satellite. This statement applies to all

subsequent items of this 1isting.

(c) One thinewindowed Geiger tube in TRAAC, 15 November 1961

to 12 August 1962 (270 deys) /Pieper, Williams, and Frank,

1963/, 950 km by 1110 km by 32°,

(d) Three thin-windowed Geiger tubes in Injun I,

13 December 1962 to 30 September 1963 (291 deys) /[O'EBrien,

Iaughlin, and Gurnett, 1964/, 240 km by 2700 km by 70°.

(e)  1Two thin-windowed Geiger tubes in Explorer XIV,

2 Octdber 1962 to 8 August 1963 (310 days) /Frank, Van Allen,

Whelpley, and Creven, 1963/, 260 km by 98,530 Im by 33°.
gatellites (a), (b), (c), and (e) were either spinning

or spimning and tumbling in such a way that exposure of the

window may be considered to have been "randamly"” oriented.

Satellite (d) bed cne axis continuously aligned with the




geanagnetic field but again, for the present purpose, may be
considered to have provided a rendanly oriented exposure,

The scintillator of Explorer IV was shielded by
0.2 ng/cf of elumirum over vhich was a foil of 0.8 mg/ca’
of nickel., All of the Oeiger tubes had a mica window of
1.2 mg/cu® thickness (k.3 microns or 0.17 mil).

Table I summarizes the integrated "exposures” in
m2 sec sterad. The effective exposures are cbtained by
miltiplying the actual exposures by & factor, less than one,
estimated to correct far gemmetric shielding by the solid
earth and its dense atmospbere,

The sum of the effective unidirectional exposures is

230 m2 sec steradian.
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Interplanetary Exposure

Pertinent data came from:

One thin-vindowed (also 1.2 mg/cn’ mica) Geiger tube in
Mariner II, 27 August 1962 to 29 December 1962 (124 days)
[Van Allen end Frank, 1962/, During this flight period the
detector vas carried through interplanetary space over the
heliocentric radial distance range 1.0 to 0.7 A.U. The trajectory
was spproximately in the ecliptic plane. The 90° fulleangle
conical collimator had its axis at 70° from the spacecraftesun
line throughout the flight., During the early half of the
flight the collimator was directed in the generally forward
direction alang the orbit (subject to retro-grade metearoid
impacts) and during the latter half of the flight, in the
generally backward direction (subject to pro-grade meteroid
impacts), with a few days trensition period of rotation
sbout the spacecraft-sun line in mid flight. The Geiger tube
operated properly throughout the flight. Table II gives the
exposure data.

An explicit micrc meteoroid experiment was also carried
on Mariner II [Alexanier, 1967,




Some Interpretative Remarks

The foregoing data have direct practical significance in
establishing a certain level of confidence for experimentalists
vho are engaged in the design of space equipment involving thin
films,

Also, they provide crude upperelimit data on the flux
of micrameteoroids in space. On the basis of the review paper
by Alexander et al. /1963, it appears that the impact of a
metecroid of mass exceeding 10°0 gram at an adopted velocity
of 30 lm/sec is necessary to puncture the films used in the
series of flights reported herein,

mMssmimprobebmtyroottheocemeofno
event in an experiment in vhich x events are "expected” is
Posqp(-x); or X = « log, P, where x in the present context
is the product of the average flux F by the exposure E, In
an experiment in which no event occurs, it is usually agreed

thatageneroustwperlimitmxccn'espondntoPoco.Oﬁ
wethat 13, to x = F « E = 3,0, The data of Tables I and II

therefore provide the folloving upper limits on the uni-
directionel flux of meteorcids whose mass exceeds 10~ grem
(or the corresponding mass for a velocity different than

30 km/sec), averaged over time and averaged over directiom as
discusesed above.
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Exposure Time: 10.7 x 106 pec

Gecnetric Factor: 0,2 ana sterad

Total Unidirecticoal Exposure: 214 m° sec sterad



(a) At about 1000 km above the earth:

F <1.3x 1202 (a2 sec sterad)™!

(r 4 W F £ 16 107 (m2 sec)'l).

(v)  In interplanetary space (1.0 to 0.7 A.U. fram the sun):

F < 1.4 x 1072 (nz sec sberad)'l |

(or 47 7 € 1.8 x 107 (2° sec)™?).

Upper 1limit (a) is appraximately equal to positive
determinations as given in Pigures 2 and 3 of Alexander et al.
[1963]. Upper limit (b) 4s consistent with, but several orders
of magnitude greater then the preliminary estimate of Alexander
[I96] using data from his cosmic dust experiment on Mariner II.
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